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Overview (Philip Aisen)

Ironin biologicd sysemsisfound in avariety of oxidation states, reduction potentids, spin
states, cluster Szes and reectivities. Each of these variables influences the detection and quantification of
tissueiron.

About 3.5-4.0 grams of iron is present in the norma human subject.  More than 70% of this
iron isfound in mononuclear form in the magor oxygen-carrying heme proteins, hemoglobin and
myoglobin. Some 20% of tota body iron is present in sores, modtly in liver and dmogt entirely in
polynuclear iron cores of ferritin . Heme- and nonheme-iron tissue enzymes account for perhaps 5% of
total body iron, both mono- and polynuclear, while no more than 1-2% exists bound to circulaing
trandferrin. The remainder isin theill-defined but red and reactive "labileiron poal,” generaly thought to
beironin trandt between sores, circulation and cdllular enzymes.

The redox cgpatiilities of iron underlie many of its biologicd activities, aswdl asitstoxicity.
Cdlular uptake and excretion of iron, transmembrane transport and incorporation of iron into essentia
enzymes and into ferritin al depend on redox reactions. The one-édectron reduction of dioxygen by
Fe** results in superoxide formation, which in turn leads to the Fenton sequence generating hydroxyl
radical, OHA, with its attendant toxicity.

In acid solution, pH <1.0, both ferrous and ferric iron exist as the hexaaguo complex,
[Fe(H,0)e]*" or [Fe(H,0)e]**. When autoxidation is prevented by low oxygen tension, aguated ferrous
iron perssts throughout the pH range found in biologica systems, but as the pH is raised above 2.0 the
latter undergoes a stepwise series of hydrolytic deprotonations terminating in insoluble ferric hydroxide.

Hydroxide complexes of iron readily polymerize by dehydration to form polynuclear complexes with
iron atoms linked by oxo- or hydroxo-bridges. Iron polymersin biologica systems may range from two
iron atoms, asin the proteins with binuclear iron centers (e.g., ribonucl eotide reductase and the purple
acid phosphatases) to three-dimensond arrays of more than 4,000 iron aoms as in the minerdized
core of ferritins



Oxygen and Iron Toxicity (Garry Buettner)

Iron can be adetrimentd catalyst in biologica free radica oxidations. We hypothesize that the Fenton
reaction with pre-existing H,O, isonly aminor initiator of free radical oxidations and that the mgjor
initiators of biological free radical oxidations are the oxidizing species formed by the reaction of Fe**
with dioxygen. We employed EPR spin trapping to examine this hypothesis.

Freeradicd oxidation of: 1) chemica (ethanol, dimethyl sulfoxide); 2) biochemicd (glucose,
glyceradehyde); and 3) cdlular (L1210 murine leukemia cells) targets were examined when subjected
to an aerobic Fenton (Fe** + H,0,) or an Fe**-dioxygen system. As anticipated, the Fenton reaction
initiates radical formation in dl the above targets. However, even without pre-existing H,O,, Fe** and
O, dsoinduce subgtantia target radical formation. When [O,]/[H,0,]< 10, the Fenton reaction
dominates target molecule radical formation; however, production of target molecule radicas viathe
Fenton reaction is minor when [O,]/[H,0;] > 100. Interestingly, when L1210 cells are the oxidation
target, Fe** + O, is observed to be responsible for formation of nearly dl of the cell-derived radicals
detected, no matter the [O,]/[H.O,]

ratio. Our data demonstrate that when [O.]/[H.O;] > 100, Fe** + O, chemidtry is of mgor
importance in the initiation of detrimenta biologicd free radicd oxidations.

Ferritin and itsiron core (Dennis Chasteen)

The thermodynamic driving force for iron minerdization within ferritin is the production of highly
insoluble iron(l11)oxy/hydroxide phases.  While the most dominant phase in vitro and in vivo is
antiferromagnetic 6-line ferrihydrite, lesser amounts of the mineras goethite, hematite and maghemite are
aso observed in ferritin/hemosiderin from iron loaded tissues. Although maghemite may be present in
amal amounts, its ferrimagnetic properties can contribute disproportionately to the observed magnetism
of tissues. Furthermore, it is unclear whether al of ferritin associated iron is contained within the protein
cavity under conditions of iron overload sinceit is very difficult to load ferritin in-vitro beyond 2500
Fe/protein without some precipitation occurring.  Protein surface bound iron and precipitated iron
would influence the magnetism of the sample or tissue in a manner different from that of coreiron.

Theiron oxidation and hydrolyss reactions leading to the minerdization of ferritin and to the
formation of reduced oxygen species have been determined in recent years. Hydrogen peroxide,
oxyradicas and protein based radicds are produced during the oxidative deposition of iron in ferritin
and probably play arole in the converson of ferritin to hemosderin and to the toxicity of iron. The
ability of reductants to aid in mobilizing iron from ferriti/hemosiderin may further contribute to iron
toxicity by making Fe(Il) avalable for Fenton chemidtry.

Redox and Coordination Chemistry of Biolron (Al Crumbliss)

In this contribution we will explore the fundamenta coordination chemistry of Fe in the context of Fe
mobility and storage in abiologicd system. Specificdly, the interrdationship between the immediate
chemica environment of Fe (inner coordination shell ligands) and the Fe(111)/Fe(11) redox potentia will
be described. The spin state, magnetic properties, degree of aggregation, solubility, mobility, redox
potentia, and kinetic and thermodynamic proclivity towards free radical generation are dl directly
dependent upon the immediate chemica environment of Fe ---that is, the donor atoms and ligandsin the
Feinner coordination shell. We will examine the role of this dependence when Fe is trangported and
stored, and when it changes cdllular compartments. An interdependence between first coordination shell




ligands and redox potential manifests itsdlf in the ease of eectron transfer and ease of ligand trandfer,
both kineticaly and thermodynamicaly. Iron is likely to be found in the +3 oxidation state when tightly
locked in place for purposes of transport or storage and the +2 oxidation state when a turnover of
chemica environment is necessary.

These fundamenta chemica concepts will provide the basis for viewing Fe(l11/11) redox asa
switch controlling the Fe storage/transport process and the coupling of ligand exchange to this redox as
asynergism that amplifies the effect of the switch.
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